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Description

CROSS-REFERENCE TO RELATED APPLICA-
TION(S)

[0001] This application claims priority under 35 U.S.C.
§119 to Korean Application No. 10-2014-0078059, filed
in Korea on June 25, 2014, whose entire disclosure is
hereby incorporated by reference.

BACKGROUND

1. Field

[0002] A linear compressor, a shell for a linear com-
pressor, and a method for manufacturing a shell of a lin-
ear compressor are disclosed herein.

2. Background

[0003] Compressors are machines that receive power
froma power generation device, such as an electric motor
or turbine, to compress air, a refrigerant, or various work-
ing gases, thereby increasing in pressure. Compressors
are being widely used in home appliances, such as re-
frigerators or air conditioners, or in industrial fields.
[0004] Compressors may be largely classified into re-
ciprocating compressors, in which a compression space
into and from which a working gas, such as a refrigerant,
is suctioned and discharged, is defined between a piston
and a cylinder to allow the piston to be linearly recipro-
cated in the cylinder, thereby compressing the working
gas; rotary compressors, in which a compression space
into and from which a working gas is suctioned or dis-
charged, is defined between a roller that eccentrically
rotates and a cylinder to allow the roller to eccentrically
rotate along an inner wall of the cylinder, thereby com-
pressing the working gas; and scroll compressors, in
which a compression space into and from which a work-
ing gas is suctioned or discharged, is defined between
an orbiting scroll and a fixed scroll to compress a refrig-
erantwhile the orbiting scrollrotates along the fixed scroll.
In recent years, a linear compressor, which is directly
connected to adrive motor and in which a pistonislinearly
reciprocated, to improve compression efficiency without
mechanical losses due to movement conversion and
having a simple structure, is being widely used. The linear
compressor may suction in and compress a working gas,
such as a refrigerant, while a piston is linearly recipro-
cated in a sealed shell by a linear motor and then dis-
charge the refrigerant.

[0005] Noise may occurinthe linear compressor. More
particularly, vibration noise and airborne noise may occur
due to a reciprocating motion of the piston used in the
linear compressor, mechanical vibration and collision of
other components, and refrigerant flow. The mechanical
vibration may be transmitted into components forming a
refrigeration cycle, such as an evaporatorand a condens-
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er, along a tube connected to the linear compressor,
causing resonance, thereby making loud noise. The
noise may cause inconvenience to a user of electronic
equipment employing the linear compressor.

[0006] As the noise causes inconvenience to the user,
it is estimated as a major factor for determining quality
of alinear compressor. The linear compressors may vary
in price according to anoise degree. For example, if noise
of a linear compressor is reduced by about 1 dB, the
linear compressor may rise in price by one dollar. In pre-
mium products, noise reduction in the linear compressor
is a matter for a person in charge of R&D.

[0007] As drive frequency increases, the noise may
increase. That is, the noise may increase in proportion
to a square of velocity increment of a noise source. For
example, if the drive frequency increases from about 60
Hz to about 120 Hz, the noise may increase by about 6
dB or more. The noise may increase over a whole noise
frequency region.

[0008] For equipment, such as a refrigerator, in which
the linear compressor is installed, there is a great need
to increase a capacity of the refrigerator by reducing a
volume of a machine room. Due to this trend, miniaturi-
zation of linear compressors is quickly progressing. As
a result, the drive frequency of the linear compressor
increases due to the miniaturization of the linear com-
pressor. Thus, there is a requirement to reduce noise.
[0009] To reduce noise of the linear compressor ac-
cording to the related art, a vibration absorber is used in
a tube. However, even though the vibration absorber is
applied to a high speed drive frequency of about 100 Hz
or more, it may be difficult to sufficiently reduce the noise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Embodiments will be described in detail with ref-
erence to the following drawings in which like reference
numerals refer to like elements, and wherein:

Fig. 1is a cross-sectional view of alinear compressor
according to an embodiment;

Fig. 2 is a view illustrating a noise trend depending
on a position along the linear compressor;

Fig. 3 is a partial enlarged cross-sectional view illus-
trating a shell of a linear compressor according to an
embodiment;

Fig. 4 is a reference view for explaining selection of
a frequency reduced by a resonator;

Fig. 5 is a graph comparing a case A to a case B;
Fig. 6 is a graph comparing a case B to a case C;
Fig. 7 is a partial cross-sectional view of a shell ac-
cording to another embodiment;

Fig. 8 is a partial cross-sectional view of a shell ac-
cording to another embodiment;

Fig. 9is a view illustrating an example of a stainless
plate to be processed as a shell;

Fig. 10 is a flowchart of a method of manufacturing
a linear compressor according to an embodiment;
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and
Fig. 11 is a partial cross-sectional view of a shell
according to another embodiment.

DETAILED DESCRIPTION

[0011] Hereinafter, embodiments will be described in
detail with reference to the accompanying drawings. The
embodiments may, however, be embodied in many dif-
ferent forms and should not be construed as being limited
to the embodiments set forth herein; rather, alternate em-
bodiments falling within the spiritand scope will fully con-
vey the concept to those skilled in the art.

[0012] Fig. 1 is a cross-sectional view of a linear com-
pressor according to an embodiment. Referring to Fig.
1, the linear compressor 100 according to an embodi-
ment may include a cylindrical shell 101, a first cover 102
coupled to afirst side of the shell 101, and a second cover
103 coupled to a second side of the shell 101. For ex-
ample, the linear compressor 100 may be laid out in a
horizontal direction. The first cover 102 may be coupled
to a right or first lateral side of the shell 101, and the
second cover 103 may be coupled to a left or second
lateral side of the shell 101.

[0013] As the shell 101 may be manufactured in the
cylindrical shape, if the shell 101 is installed in electronic
equipment, such as a refrigerator, the shell 101 may be
sufficiently installed in an inner space of a machine room.
As the shell 101 is manufactured in a laid out state, the
shell 101 may be disposed with a compact structure with-
in the machine room of the electronic equipment. Thus,
a usage space of components in the electronic equip-
ment may increase, and thus, the electronic equipment
itself may be reduced in size. Also, in the electronic equip-
ment, an available volume utilized as a low-temperature
space may increase. However, as the shell 101 manu-
factured in the cylindrical shape has a characteristic in
which the cylindrical shell 101 is vulnerable to noise when
compared to a globular shape according to the related
art, there is a need to address this issue.

[0014] First, a linear compressor according to an em-
bodiment will be described in detail herein below.
[0015] The linear compressor 100 may include a cyl-
inder 120 provided in the shell 101, a piston 130 linearly
reciprocated within the cylinder 120, and a motor assem-
bly 140 that serves as a linear motor to apply a drive force
to the piston 130. The linear compressor 100 may further
include a suction inlet 104, through which a refrigerant
may be introduced, and a discharge outlet 105, through
which the refrigerant compressed in the cylinder 120 may
be discharged. The suction inlet 104 may be coupled to
the first cover 102, and the discharge outlet 105 may be
coupled to the second cover 103.

[0016] The refrigerant suctioned in through the suction
inlet 104 may flow into the piston 130 via a suction muffler
150. Thus, while the refrigerant passes through the suc-
tion muffler 150, noise may be reduced. The suction muf-
fler 150 may include a first muffler 151 coupled to a sec-
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ond muffler 153. At least a portion of the suction muffler
150 may be disposed within the piston 130.

[0017] The piston 130 may include a piston body 131
having an approximately cylindrical shape, and a piston
flange 132 that extends from the piston body 131 in a
radial direction. The piston body 131 may be reciprocated
within the cylinder 120, and the piston flange 132 may
be reciprocated outside of the cylinder 120.

[0018] The piston 130 may be formed of a non-mag-
netic material, such as an aluminum material, such as
aluminum or an aluminum alloy. As the piston 130 may
be formed of the aluminum material, a magnetic flux gen-
erated in the motor assembly 140 may not be transmitted
into the piston 130, and thus, may be prevented from
leaking outside of the piston 130. The piston 130 may be
manufactured by a forging process, for example.
[0019] The cylinder 120 may be formed of a non-mag-
netic material, such as an aluminum material, such as
aluminum or an aluminum alloy. The cylinder 120 and
the piston 130 may have a same material composition,
that is, a same kind of material and composition. As the
cylinder 120 may be formed of the aluminum material, a
magnetic flux generated in the motor assembly 140 may
not be transmitted into the cylinder 120, and thus, may
be prevented from leaking outside of the cylinder 120.
The cylinder 120 may be manufactured by an extruding
rod processing, for example.

[0020] As the piston 130 may be formed of the same
material as the cylinder 120, the piston 130 may have a
same thermal expansion coefficient as the cylinder 120.
When the linear compressor 100 operates, a high-tem-
perature (a temperature of about 100 °C) environment
may be created within the shell 100. Thus, as the piston
130 and the cylinder 120 may have the same thermal
expansion coefficient, the piston 130 and the cylinder
120 may be thermally deformed by a same degree. As
aresult, the piston 130 and the cylinder 120 may be ther-
mally deformed by the same degree with sizes and in
directions different from each other to prevent the piston
130 from interfering with the cylinder 120 while the piston
130 moves.

[0021] The cylinder 120 may be configured to accom-
modate at least a portion of the suction muffler 150 and
at least a portion of the piston 130. The cylinder 120 may
have a compression space P, in which the refrigerant
may be compressed by the piston 130. A suction hole
133, through which the refrigerant may be introduced into
the compression space P, may be defined in a front por-
tion of the piston 130, and a suction valve 135 to selec-
tively open the suction hole 133 may be disposed on or
at a front side of the suction hole 133. A coupling hole,
to which a predetermined coupling member may be cou-
pled, may be defined in an approximately central portion
of the suction valve 135.

[0022] A discharge cover 160 that defines a discharge
space or discharge passage for the refrigerant dis-
charged from the compression space P and a discharge
valve assembly 161, 162, and 163 coupled to the dis-
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charge cover 160 to selectively discharge the refrigerant
compressed in the compression space P may be provid-
ed at a front side of the compression space P. The dis-
charge valve assembly 161, 162, and 163 may include
a discharge valve 161 to introduce the refrigerant into
the discharge space of the discharge cover 160 when a
pressure within the compression space P is above a pre-
determined discharge pressure, a valve spring 162 dis-
posed between the discharge valve 161 and the dis-
charge cover 160 to apply an elastic force in an axial
direction, and a stopper 163 to restrict deformation of the
valve spring 162.

[0023] The term "compression space P" may refer to
a space defined between the suction valve 135 and the
discharge valve 161. The term "axial direction" may refer
to a direction in which the piston 130 is reciprocated, that
is, a transverse direction in Fig. 1. Also, in the axial di-
rection, a direction from the suction inlet 104 toward the
discharge outlet 105, that is, a direction in which the re-
frigerant flows, may be referred to as a "frontward direc-
tion", and a direction opposite to the frontward direction
may be referred to as a "rearward direction”. On the other
hand, the term "radial direction" may refer to a direction
perpendicular to the direction in which the piston 130 is
reciprocated, that is, a vertical direction in Fig. 1.
[0024] The stopper 163 may be seated on the dis-
charge cover 160, and the valve spring 162 may be seat-
ed at a rear side of the stopper 163. The discharge valve
161 may be coupled to the valve spring 162, and a rear
portion or rear surface of the discharge valve 161 may
be supported by a front surface of the cylinder 120. The
valve spring 162 may include a plate spring, for example.
[0025] The suction valve 135 may be disposed on or
at a first side of the compression space P, and the dis-
charge valve 161 may be disposed on or at a second
side of the compression space P, that is, a side opposite
of the suction valve 135. While the piston 130 is linearly
reciprocated within the cylinder 120, when the pressure
of the compression space P is below the predetermined
discharge pressure and a predetermined suction pres-
sure, the suction valve 135 may be opened to suction
the refrigerantinto the compression space P. On the oth-
er hand, when the pressure of the compression space P
is above the predetermined suction pressure, the suction
valve 135 may compress the refrigerant of the compres-
sion space P in a state in which the suction valve 135 is
closed.

[0026] When the pressure of the compression space
P is above the predetermined discharge pressure, the
valve spring 162 may be deformed to open the discharge
valve 161. The refrigerant may be discharged from the
compression space P into the discharge space of the
discharge cover 160.

[0027] Therefrigerantflowingintothe discharge space
of the discharge cover 160 may be introduced into a loop
pipe 165. The loop pipe 165 may be coupled to the dis-
charge cover 160 to extend to the discharge outlet 105,
thereby guiding the compressed refrigerant in the dis-
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charge space into the discharge outlet 105. For example,
the loop pipe 165 may have a shape which is wound in
a predetermined direction and extends in a rounded
shape. The loop pipe 165 may be coupled to the dis-
charge outlet 105.

[0028] The linear compressor 100 may further include
aframe 110. The frame 110 may fix the cylinder 120 and
be coupled to the cylinder 120 by a separate coupling
member, for example. The frame 110 may be disposed
to surround the cylinder 120. That is, the cylinder 120
may be accommodated within the frame 110. The dis-
charge cover 172 may be coupled to a front side of the
frame 110.

[0029] At least a portion of the high-pressure gaseous
refrigerant discharged through the open discharge valve
161 may flow toward an outer circumferential surface of
the cylinder 120 through a space formed at a portion at
which the cylinder 120 and the frame 110 are coupled to
each other. The refrigerant introduced to an outside of
the cylinder 120 may flow into a space between the piston
130 and the cylinder 120 to allow an outer circumferential
surface of the piston 130 to be spaced from an inner
circumferential surface of the cylinder 120. Thus, the in-
troduced refrigerant may serve as a "gas bearing" that
reduces friction between the piston 130 and the cylinder
120 while the piston 130 is reciprocated.

[0030] The motor assembly 140 may include outer sta-
tors 141, 143, and 145 fixed to the frame 110 and dis-
posed to surround the cylinder 120, an inner stator 148
disposed to be spaced inward from the outer stators 141,
143, and 145, and a permanent magnet 146 disposed in
aspace between the outer stators 141, 143, and 145 and
the inner stator 148. The permanent magnet 146 may be
linearly reciprocated by a mutual electromagnetic force
between the outer stators 141, 143, and 145 and the
inner stator 148. The permanent magnet 146 may be a
single magnet having one polarity, or may include a plu-
rality of magnets having three polarities.

[0031] The permanent magnet 146 may be coupled to
the piston 130 by a connection member 138. In detail,
the connection member 138 may be coupled to the piston
flange 132 and be bent to extend toward the permanent
146. As the permanent magnet 146 is reciprocated, the
piston 130 may be reciprocated together with the perma-
nent magnet 146 in the axial direction.

[0032] The motor assembly 140 may further include a
fixing member 147 to fix the permanent magnet 146 to
the connection member 138. The fixing member 147 may
be formed of a composition in which a glass fiber or car-
bon fiber is mixed with a resin. The fixing member 147
may surround an inside and an outside of the permanent
magnet 146 to firmly maintain a coupled state between
the permanent magnet 146 and the connection member
138.

[0033] Theouterstators 141,143,and 145 mayinclude
coil winding bodies 143 and 145, and a stator core 141.
The coil winding bodies 143 and 145 may include a bob-
bin 143, and a coil 145 wound in a circumferential direc-
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tion of the bobbin 145. The coil 145 may have a polygonal
cross-section, for example, a hexagonal cross-section.
The stator core 141 may be manufactured by stacking a
plurality of laminations in the circumferential direction and
be disposed to surround the coil winding bodies 143 and
145.

[0034] A stator cover 149 may be disposed on or at
one side of the outer stators 141, 143, and 145. A first
side of the outer stators 141, 143, and 145 may be sup-
ported by the frame 110, and a second side of the outer
stators 141, 143, and 145 may be supported by the stator
cover 149. The inner stator 148 may be fixed to a circum-
ference of the cylinder 120. In the inner stator 148, the
plurality of laminations may be stacked in a circumferen-
tial direction outside of the cylinder 120.

[0035] The linear compressor 100 may further include
asupport 137 to support the piston 130, and a back cover
170 spring-coupled to the support 137. The support 137
may be coupled to the piston flange 132 and the connec-
tion member 138 by a predetermined coupling member,
for example.

[0036] A suction guide 155 may be coupled to a front
portion of the back cover 170. The suction guide 155 may
guide the refrigerant suctioned in through the suction out-
let 104 to introduce the refrigerant into the suction muffler
150.

[0037] The linear compressor 100 may further include
a plurality of springs 176 which are adjustable in natural
frequency, to allow the piston 130 to perform a resonant
motion. The plurality of springs 176 may include a first
spring supported between the support 137 and the stator
cover 149, and a second spring supported between the
support 137 and the back cover 170.

[0038] The linear compressor 100 may additionally in-
cludes plate springs 172 and 174, respectively, disposed
on lateral sides of the shell 101 to allow inner components
of the compressor 100 to be supported by the shell 101.
The plate springs 172 and 174 may include a first plate
spring 172 coupled to the first cover 102, and a second
plate spring 174 coupled to the second cover 103. For
example, the first plate spring 172 may be fitted into a
portion at which the shell 101 and the first cover 102 are
coupled to each other, and the second plate spring 174
may be fitted into a portion at which the shell 101 and
the second cover 103 are coupled to each other.
[0039] Noise may occur due to a plurality of factors
during operation of the linear compressor. For example,
exemplary examples of such noise include knocking
sounds that occur during opening/closing operations of
the suction valve 135 and the discharge valve 161, and
vibration occurring due to abnormal sounds, flow noise
due to compression and expansion of the refrigerant,
contact noise due to relative motion between compo-
nents, and vibration noise. As described above, these
noises may increase in proportion to a square of an in-
creasing drive frequency of the linear compressor.
[0040] The noise generated in the linear compressor
may be generally classified as follows. The noise gener-
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ated in the linear compressor may be divided into vibra-
tion noise generated mainly due to contact between com-
ponents and mainly transmitted along structure, and air-
borne noise generated due to various factors, such as
pressure variation, knocking sounds and transmitted flu-
id.

[0041] Fig.2isaview illustrating a noise trend depend-
ing on a position of the linear compressor. Referring to
Fig. 2, vibration noise tends to be mainly concentrated
at a discharge-side A of the linear compressor in a high-
frequency band of about 2 KHz or more. Airborne noise
tends to be mainly concentrated at a suction-side B of
the linear compressor in a low-frequency band of about
2 KHz or less. To effectively remove the vibration noise
and the airborne noise, the shell 101 having a cylindrical
shape may have a specific structure.

[0042] Fig. 3is a partial enlarged cross-sectional view
illustrating a shell of the linear compressor according to
an embodiment. Referring to Fig. 3, the shell 101 may
include a container 1017, and a multilayer plate 1018
provided in the container 1017. A resonator 1015 may
be provided on or at an inner surface of the shell 101.
The resonator 1015 may be in the form of a recess pro-
vided onoratan inner surface ofthe shell 101. The recess
may include an expansion space 1016. The expansion
space 1016 may be a predetermined space provided in
the resonator 1015. The resonator 1015 may be used to
detect sound having at least one specific frequency using
a resonant phenomenon. In this embodiment, the reso-
nator 1015 may have a feature in that it is capable of
reducing noise having at least one specific frequency
band. That is, when airborne noise occurs, sound having
a specific frequency may enter into the resonator 1015
and then expand within the expansion space 1016 to
interfere with each other, thereby reducing the noise. Al-
so, an inside of the shell 101 may have a structure in
which a plurality of plates 1011, 1012, 1013, and 1014
are stacked, that is, a multilayer plate structure 1018.
Thus, at least portions of the stacked plates may be
spaced apart from each other to relatively move with re-
spectto each other, thereby reducing vibration noise. For
example, the stacked plates may behave differently with
respect to each other. Thus, the vibration noise transmit-
ted into one plate may not be transmitted into the other
plate or interfere with the other plates to offset the vibra-
tion noise.

[0043] The shell 101 will be described in more detail
hereinbelow.
[0044] The container 1017 may be manufactured in an

integrated cylindrical shape to form an empty space. The
multilayer plate 1018 may be manufactured by stacking
plates on each other. For example, the multilayer plate
1018 may be manufactured by rolling a plate formed of
a stainless material or manufactured by inserting and
coupling cylinders having different diameters with re-
spectto each other. In the final process for manufacturing
the multilayer plate 1018, the multilayer plate 1018 may
be firmly manufactured using, for example, welding, rivet,
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or bolt coupling. The container 1017 and the multilayer
plate 1018 may be coupled to each other to complete the
shell 101.

[0045] The multilayer plate 1018 may include four
plates, that is, a first layer plate 1011, a second layer
plate 1012, a third layer plate 1013, and a fourth layer
plate 1014, which may be arranged in order outward. A
recess defined in the first layer plate 1011, and a recess
defined in the second layer plate 1012 may be aligned
to provide or form the resonator 1015. The recess defined
in the layer plate 1012 may have a size greater than a
size of the recess defined in the first layer plate 1011 to
provide or form the expansion space 1016.

[0046] The resonator 1015 may be recesses provided
in the first and second layer plates 1011 and 1012 to
reduce the airborne noise. In addition, an inner surface
of the shell 101 may have the structure of the plurality of
stacked plates, to reduce the vibration noise.

[0047] Fig. 4 is a reference view for explaining selec-
tion of a frequency reduced by a resonator. Referring to
Fig. 4, when an inlet cross-section area of the resonator
is A, a length of an inlet is d, and a volume of the inner
expansion space of the resonator is V, a reduced fre-
quency fymay be expressed using the following Equation
1:

[Equation 1]

Jo=060

[0048] According to Equation 1, itis seen that the vol-
ume V of the expansion space, the inlet cross-section
area A, the inlet length d may be adjusted to selectively
reduce noise having various frequencies. A noise having
adifferent frequency band as well as the selected specific
frequency may be reduced according to various other
factors, such as aninner structure of the expansion struc-
ture, aninlet position, and a harmonic wave characteris-
tic. However, it may be predictable when the frequency
reduction effect with respect to the selected specific fre-
quency is largest.

[0049] The frequency reduction characteristic based
on testing will be described hereinbelow.

[0050] The linear compressor may operate at a fre-
quency of about 120 Hz, and the shell 101 may include
the container 1017, that is, the cylindrical shell, and the
multilayer plate 1018. If each of the plates forming the
multilayer plate 1018 has a thickness of about 0.5 mm,
the recess of the first layer plate 1011 has a diameter of
about 0.8 mm, and the recess of the second layer plate
1012 is processed half and half at diameters of about 9.0
mm and about 4 mm, it is seen that reduced frequency
bands are at about 5.3 KHz and about 12 KHz, respec-
tively, in Figs. 5 and 6.
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[0051] The results of the testing will be described in
more detail hereinbelow.

[0052] The testingwas performed by comparinga case
A, in which only the single-layered cylindrical shell ac-
cording to the related art is used, a case B, in which the
container 1017, that is, the cylindrical shell, and the mul-
tilayer plate 1018 are provided together, and a case C,
in which the container 1017, that is, the cylindrical shell
and the multilayer plate 1018 are provided together, and
also, theresonator and the expansion space are provided
in the multilayer plate. The linear compressor may have
adrive frequency of about 120 Hz, and each of the plates
of the multilayer plate may have a thickness of about 0.5
mm. Further, when the resonator and the expansion
space are provided in the multilayer plate, the recess of
the first layer plate 1011 may have a diameter of about
0.8 mm, and the recess of the second layer plate may
be processed half and half at a diameter of about 9.0 mm
and about 4 mm, respectively.

[0053] Fig. 5is a graph comparing case A to case B.
Fig. 6 is a graph comparing case B to case C.

[0054] Referring to Fig. 5, when the multilayer plate is
used, it is seen that the noise is reduced in various fre-
quency bands. Further, it is seen that the vibration noise
is significantly reduced in the high-frequency band of
about 2 KHz or more. That is, it is seen that the various
vibration noise generated due to machine noise is re-
duced. Referring to Fig. 6, it is seen that noise is reduced
in frequency bands of about 5.3 KHz and about 12 KHz
when the resonator and the expansion space are provid-
ed. Also, itis seen thatthe noise is reduced in afrequency
band of about 2 KHz or less, in which the airborne noise
is stronger, for example, frequency bands of about 1.6
KHz and about 400 Hz. Thus, it is seen that the airborne
noise is capable of being sufficiently reduced in the res-
onator 1015 and the expansion space 1016. Further,
when the resonator is variously changed in shape using
frequency selectivity thereof, it is seen that the vibration
noise and the airborne noise, which have various fre-
quencies, may be reduced according to noise character-
istics of the linear compressor.

[0055] Asdescribed withreferencetoFig.2,inthe shell
101 of the linear compressor, the airborne noise having
low frequencies of about 2 KHz or less are stronger at
the suction-side of the shell 101. Thus, the resonator
1015 and the expansion space 1016 may be provided
only at the suction-side of the shell 101, and not at the
discharge-side of the shell 101. Also, the resonator 1015
and the expansion space 1016 may be provided in sizes,
shapes, and structures different from each other in an
axial direction of the shellin accordance with the frequen-
cy characteristics of the noise for each position of the
shell to vary in characteristic of noise reduction for each
position. Also, vibration noise having high frequencies of
about 2 KHz or more may be stronger at the discharge-
side of the shell. Thus, if the shell having the multilayer
plate is difficult to manufacture or is expensive, the shell
having the multilayer plate may be provided only at the
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discharge-side without being provided at the other por-
tion, or the multilayer plate may be changed in stacked
number.

[0056] Asdescribed above, as the multilayer plate, the
resonator, and the expansion space may be changed in
configuration, size, and number according to a relative
position of the vibration noise and a relative position of
the airborne noise in the shell, noise reduction of the lin-
ear compressor which operates at a high frequency may
be optimized. In particular, although the airborne noise
transmitted into a fluid does not have a large influence
when compared to the vibration noise, the airborne noise
is not ignorable in a premium linear compressor. Thus,
according to this embodiment, the noise reduction effect
of the premium linear compressor may be further im-
proved.

[0057] Fig. 7 is a partial cross-sectional view of a shell
according to another embodiment. Referring to FIG. 7,
in resonator 1025, a recess of first layer plate 1011 may
be greater than a recess of second layer plate 1012. In
this case, referring to Equation 1, the resonator 1025 may
increase in inlet cross-section area, and the expansion
space 1026 may decrease in volume to reduce the air-
borne noise having higher frequencies. On the other
hand, when the inlet cross-section area decreases, and
the internal volume increases, the airborne noise having
lower frequencies may be reduced. Also, a length of a
neck of an inlet may be elongated to reduce the airborne
noise having lower frequencies. A method for elongating
the neck of the inlet part may include a method in which
the first layer plate 1011 and the second layer plate 1012
are provided at the inlet, and the expansion space 1026
is provided in a third layer plate 1013.

[0058] Fig. 8 is a partial cross-sectional view of a shell
according to another embodiment. Referring to FIG. 8,
in resonator 1035, first layer plate 1011 may have a same
recess as the first embodiment, and second and third
layer plates 1012 and 1013 may form expansion space
1036. The expansion space 1036 may increase in vol-
ume in comparison to previous embodiments. In this
case, airborne noise having lower frequencies may be
reduced.

[0059] Fig.9isaview illustrating an example of a stain-
less plate to be processed as a shell. Referring to Fig. 9,
recesses having sizes different from each other may be
provided spaced apart at a predetermined distance, and
a stainless plate 1041 may be rolled in an arrow direction
to form multilayer plate 1018. The recesses may include
a first recess 1042 having a relatively small size and de-
fined at aninnermost position, and a second recess 1043
defined immediately outside the first recess 1042 to pro-
vide resonator 1015 together with the first recess 1042.
The first and second recesses 1043 and 1042 may be
processed at adequate positions according to a size of
container 1017 and a thickness of the multilayer plate
1018. As the plate 1041 may be rolled and fixed, the
recesses 1042 and 1043 may be aligned with each other
to provide the resonator 1015.
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[0060] Fig. 10 is a flowchart of a method of manufac-
turing a linear compressor according to an embodiment.
Referring to Fig. 10, one or more holes may be formed
in a plate formed of a stainless material, in step S1. The
one or more holes may be defined at positions in the
plate as it is processed as a multilayer plate, and then,
the one or more holes may be stacked. For example, a
first hole, and a second hole stacked on the first hole may
be spaced apart from each other by a length in a circum-
ferential direction thereof. Sizes and relative arrange-
ments of the holes may be provided to have an optimum
airborne noise reduction effect in a state in which noise
characteristics of the linear compressor are considered.
A total length in a direction in which the plate is rolled
may be adequately provided to maximize the vibration
noise reduction effect and minimize weight and manu-
facturing costs. That is, in a case in which the vibration
noise reduction effect has to increase due to high drive
frequency, the plate may increase in length to provide at
least five plates forming the multilayer plate.

[0061] Thereafter, the plate may be rolled into a cylin-
drical shape to manufacture a multilayer plate, in step
S2, and then a container and the multilayer plate may be
coupled to each other to manufacture a shell, in step S3.
Respective portions of the shell may be fixed by, for ex-
ample, welding, and thus, firmly manufactured.

[0062] Due to the above-described manufacturing
method, a shell of a linear compressor may be cheaply,
effectively, and stably manufactured.

[0063] Embodiments may further include another em-
bodiment in addition to the previous embodiments. For
example, a resonator may be changed in configuration.
[0064] Fig. 11isa partial cross-sectional view of a shell
according to another embodiment. Referring to Fig. 11,
resonator 1045 may be provided in only first layer plate
1011 disposed at an innermost position of multilayer plate
1018.

[0065] As another example, a container may not be
provided, and only a multilayer plate may be provided.
[0066] According to embodiments, noise generation
may be significantly reduced in a cylindrical linear com-
pressor having a small size. In particular, a linear com-
pressor that operates at a high frequency of about 100
Hz or more may be reduced in noise generation to man-
ufacture premium products. Airborne noise as well as
vibration noise may be reduced to improve a user’s in-
convenience in various aspects.

[0067] According to embodiments, a linear compres-
sor may be realized at a low price and with high quality
to provide high price competitiveness. According to em-
bodiments, noise generation may be significantly re-
duced in a cylindrical linear compressor capable of re-
ducing a volume of a machine room of electronic equip-
ment, such as a refrigerator.

[0068] According to embodiments, a linear compres-
sor that operates at a high frequency of about 100 Hz or
more may be reduced in noise generation to manufacture
premium products. According to embodiments, airborne
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noise as well as vibration noise may be reduced to im-
prove a user’s inconvenience in various aspects. Accord-
ing to embodiments, a noise reduction structure for a
linear compressor may be realized at a low price.
[0069] Embodiments disclosed herein provide a shell
for a linear compressor, at least a portion of which has a
multilayer plate structure in which at least two plates may
be stacked in a direction substantially perpendicular to
an axis of a piston so as to accommodate a cylinder, the
piston reciprocated within the cylinder, and a motor as-
sembly directly connected to the piston to provide a drive
force to the piston. A resonator may be disposed in at
least a portion of an inner surface of the shell.

[0070] At least one resonator may comprise at least
one recess that communicates with an inner space of the
shell.

[0071] The at least one recess may be defined in at
least an inner plate of the multilayer plate and is aligned
and connected with a hole defined in at least an outer
plate of the multilayer plate.

[0072] Atleastone recess may comprise a first recess
defined in a first layer plate disposed at an innermost
position of the multilayer plate and a second recess may
be defined in a second layer plate disposed outside of
the first layer plate with respect to the inner space.
[0073] The firstrecess has a cross-sectional area less
than a cross-sectional area of the second recess.
[0074] The at least one resonator may be provided in
or at at least a suction-side of the linear compressor.
[0075] The at least one resonator may comprise at
least two kinds of resonators having shapes different
from each other.

[0076] The multilayer plate may be provided at at least
a discharge-side of the linear compressor.

[0077] The shell of the linear compressor has a cylin-
drical shape.

[0078] The multilayer plate may further comprise a
container.

[0079] The multilayer plate may extend along an entire
circumference of the shell.

[0080] The shell may be formed of a flat plate having
a plurality of holes formed therein and then rolled into a
cylindrical form.

[0081] The at least one resonator may be disposed at
a suction-side of the shell.

[0082] The shell may further comprise a container,
wherein the at least two plates are stacked on at least a
portion of the container in the radial direction of the shell,
and wherein the multilayer plate may be disposed within
the container. Embodiments disclosed herein provide a
linear compressor that may include a shell; a cylinder
disposed within the shell to define a compression space
for a refrigerant; a piston reciprocated within the cylinder,
the piston comprising a suction valve; and a discharge
valve disposed at a side of the cylinder to selectively dis-
charge the refrigerant compressed in the compression
space. The shell may include a container, and a multi-
layer plate, in which at least two plates may be stacked
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on at least a portion thereof in a radial direction of the
shell, the multilayer plate being disposed within the con-
tainer. A resonator may be disposed in at least a portion
of an inner surface of the shell.

[0083] Embodiments disclosed herein provide a meth-
od of manufacturing a shell for a linear compressor, the
cylindrical shell accommodating a cylinder, a piston re-
ciprocated within the cylinder, and a motor assembly di-
rectly connected to the piston to provide a drive force to
the piston. The method may include making a hole in a
plate; and rolling the plate to manufacture a multilayer
plate so as to couple a container to the multilayer plate
in a state in which the multilayer plate is disposed inside
the container.

[0084] Any reference in this specification to "one em-
bodiment," "an embodiment," "example embodiment,"
etc., means that a particular feature, structure, or char-
acteristic described in connection with the embodiment
isincludedin atleastone embodiment. The appearances
of such phrases in various places in the specification are
not necessarily all referring to the same embodiment.
Further, when a particular feature, structure, or charac-
teristic is described in connection with any embodiment,
it is submitted that it is within the purview of one skilled
inthe art to effect such feature, structure, or characteristic
in connection with other ones of the embodiments.
[0085] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
skilled in the art that will fall within the scope of the prin-
ciples of this disclosure. More particularly, various vari-
ations and modifications are possible in the component
parts and/or arrangements of the subject combination
arrangement within the scope of the disclosure, the draw-
ings and the appended claims. In addition to variations
and modifications in the component parts and/orarrange-
ments, alternative uses will also be apparent to those
skilled in the art.

Claims

1. Ashell (101) for a linear compressor (100), compris-
ing:

a multilayer plate (1018) including at least two
plates stacked in a direction substantially per-
pendicular to an axis of a piston (130) so as to
accommodate a cylinder (120), the piston (130),
which is reciprocated within the cylinder (120),
and a motor (140) directly connected to the pis-
ton (130) to provide a drive force to the piston
(130); and

atleastoneresonator (1015) disposed in atleast
a portion of an inner surface of the shell (101).

2. The shell (101) according to claim 1, wherein the at



10.

1.

12.

13.

15 EP 2 960 507 A1 16

least one resonator (1015) comprises at least one
recess that communicates with an inner space of the
shell (101).

The shell (101) according to claim 2, wherein the at
least one recess is defined in at least an inner plate
of the multilayer plate (1018) and is aligned and con-
nected with a hole defined in at least an outer plate
of the multilayer plate (1018).

The shell (101) according to claim 2 or 3, wherein
the at least one recess comprises a first recess
(1042) defined in a first layer plate (1011) disposed
ataninnermost position of the multilayer plate (1018)
and asecondrecess (1043) defined inasecond layer
plate (1012) disposed outside of the first layer plate
(1011) with respect to the inner space.

The shell (101) according to claim 3 or 4, wherein
the first recess (1042) has a cross-sectional area
less than a cross-sectional area of the second recess
(1043).

The shell (101) according to any one of claims 1 to
5, wherein the at least one resonator (1015) is pro-
vided in or at at least a suction-side of the linear
compressor (100).

The shell (101) according to any one of claims 1 to
6, wherein the at least one resonator (1015) com-
prises at least two kinds of resonators (1015) having
shapes different from each other.

The shell (101) according to any one of claims 1 to
7, wherein the multilayer plate (1018) is provided at
at least a discharge-side of the linear compressor
(100).

The shell (101) according to any one of claims 1 to
8, wherein the shell (101) of the linear compressor
(100) has a cylindrical shape.

The shell (101) according to any one of claims 1 to
9, wherein the multilayer plate (1018) further com-
prises a container (1017).

The shell (101) according to any one of claims 1 to
10, wherein the multilayer plate (1018) extends along
an entire circumference of the shell (101).

The shell (101) according to any one of claims 1 to
11, wherein the shell (101) is formed of a flat plate
having a plurality of holes formed therein and then
rolled into a cylindrical form.

The shell (101) according to any one of claims 1 to
12, wherein the at least one resonator (1015) is dis-
posed at a suction-side of the shell (101).
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14. The shell (101) according to any one of claims 1 to

13, wherein the shell (101) further comprises a con-
tainer (1017), wherein the at least two plates are
stacked on at least a portion of the container (1017)
in the radial direction of the shell (101), and wherein
the multilayer plate (1018) is disposed within the con-
tainer (1017).

15. Alinear compressor (100) comprising the shell (101)

according to any one of claims 1 to 14.
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